Abstract-This paper proposes and discusses an efficient multiple input multiple output (MIMO) system for adaptive modulation coding (AMC) based on unequal error protection (UEP) and superposition coding (SPC) by exploiting the features of sub channel partitioning. Using AMC, an appropriate order of modulation and code rate to suit the channel state information (CSI) can be selected. The realization of UEP is achieved through adaptive allocation and transmission of high and low-priority data signals over high and low quality sub channels respectively. A multistage decoding (MSD) receiver with the ordered successive interference cancellation (OSIC) technique is employed in the receiver by using two linear receiver signal combiner (RSC) techniques: zero-forcing (ZF) and minimum mean square error (MMSE). The data priority can be distinguished by the signal-to-noise ratio (SNR) and can be categorized as mode-B and mode-G. The simulation results show that the SNR performance enhancement for the UEP-MIMO scheme is approximately 9.4 dB compared to the others schemes. In addition, for the UEP-MIMO scheme, the overall data system transmission from mode-B outperforms that of mode-G with SNR gains of 8.2 dB compared to the 7.5 dB for the UEP-SISO scheme. Also, MMSE-SPC also outperforms the ZF-SPC with a 3 dB SNR at a bit error rate (BER) of 10-3.
obtain a thorough and general understanding of this phenomenon. In this process, the user's face, which is taken in the foreground, is part of the high-importance (HI) data layer, whereas the background scene reflects the low-importance (LI) data layer "Ref. [1] , [2] ". There is a priority to transmit more reliable HI data than LI data, which is one requirement for optimising the quality of service (QoS). Hence, it is more important to protect the HI data than the LI data from being corrupted by the channel. In the last decade, there have been an increasing number of emergent plans or schemes devoted to develop error control schemes in the field of wireless communication. One of these schemes is known as UEP, where the original and initial proposal of this scheme was for single-carrier systems, but there is a potential extension of its use for multi-carrier systems "Ref. [2] ". UEP has the ability to divide the data signal into two or more layers based on priorities. For instance, the HI layer carries more of the data signal and can perform selfdecoding to reconstruct the original signal. However, the LI layer carries the data of less importance, which are employed to enhance the signal quality. Because errors in the HI layer have adverse impacts on the quality of the reconstructed signal, it is important to reduce the errors as much as possible. In contrast, errors in the LI layer can be tolerated more. Therefore, the goal of UEP is to protect the HI layer as much as possible to achieve a high-quality signal "Ref. [2] , [3] ". The effectiveness of UEP as a method is related to video transmission in error-prone wireless environments. Its effectiveness is attributed to its ability to protect various parts of the video data with various levels of importance. In its basic function, UEP is capable of making changes in the distribution of errors without consuming additional resources. Thus, the more important data suffers from fewer bit errors "Ref. [4] [5] [6] ".
In contrast, AMC is a well-known technique that has gained wide consideration and investigation in the recent literature on wireless communication systems. It is also recognised as an effective link adaptation technique, which has been widely applied in wireless communication systems for the last few years "Ref. [7] , [8] ". The AMC technique permits the systems to select the most suitable modulation and coding scheme (MCS) that best fits the instantaneous channel quality, therefore selecting the MCS with a higher modulating order and coding rate to maximise the transmission data rate, and vice versa for low-quality channels. Thus, different MCSs will be utilised for different channel conditions, so that, an optimal performance in terms of both bit error rate (BER) and data rate can be achieved "Ref. [9] ".
However, SPC modulation is considered as an alternative method to the other coded modulation techniques with bandwidth efficiency. In SPC modulation, the linear superimposition is made for the number of encoded layers before the transmission "Ref. [10] , [11] ". In the SPC modulation scheme proposed by "Ref. [12] ", the various bit streams are transferred on the same modulation periods. The authors in "Ref. [13] " proposed a SPC modulation scheme that utilises block codes as its component code, which is known as superposition block coded modulation. These researchers reported a significant gain from low encoding and decoding complexity with the proposed scheme.
This paper proposed an effective AMC technique, which employs UEP-SPC scheme for transmitting the data through the wireless fading MIMO channel. The proposed system in this paper aims to provide a reliable quality of reception for even the lowest-quality channels through the exploitation of the layered data and instantaneous CSI. However, the proposed scheme is capable of delivering diverse data signal layers over MIMO wireless channels along with different protection levels in an adaptive manner that depends on the SNR of the reception. The results obtained from the simulation revealed that the proposed system has efficiently and significantly improved in the execution of the wireless data transmission systems through MIMO channel compared to the single-input single-output (SISO) and Single-Input Multiple-Output (SIMO) systems. Furthermore, the study showed that flexible trade-offs in terms of execution improvement between the HI and LI data layers in additional to the overall (HI + LI) data system can be achieved by making adjustments to the modulation power fractions of the layers. Finally, a lower BER can be obtained when the superimposed signal transmission has a uniform constellation.
In addition, Spatial Multiplexing (SM) is the one type of the MIMO techniques that used to significantly increase the data rates (enabling high spectral efficiencies) or channel capacity. SM is achieved by transferring various data streams on the same time-frequency grid "Ref. [14] [15] [16] ". However, in SM-MIMO technique, the data stream is subdivided into independent sub streams, one for each transmitting antenna. Therefore, in a SM configuration, which that focuses on the current study, the system is capable of obtaining substantial gains in the data rate, and such a scheme can be use with or without the transmission of channel knowledge "Ref. [17] ". The standard linear RSC detection methods that are used on the receiver side include the ZF and MMSE techniques. However, both of ZF and MMSE are considered in the simulation work.
The rest of the paper is organised as follows: The proposed UEP-AMC-SPC-MIMO system is discussed in section 2, where the system design for two modes of operation, mode-G and mode-B, is highlighted. Section 3 presents and discusses the performance evaluation of the proposed system, and section 4 provides the simulation results and discussion for the proposed system with the OSIC. Finally, section 5 is drawn the concluding remarks of this paper.
II. PROPOSED UEP-AMC-SPC-MIMO SYSTEM MODEL " Fig. 1 ," illustrates the block diagram of the proposed transmission system employing UEP, which is based on sub channel partitioning. For a simple illustration, the diagram will present only the functional blocks that are related to data transmission; the blocks that are related to the feedback are omitted. As observed on the transmitter side, the source data of the adaptive transmitter stage are split into several various priority layers based on the priorities of the data, i.e., the quality of the reception. Because the proposed scheme has the ability to support the data at different layers, we implemented a system with only two data layers for simplicity in the analysis, namely, (i) the HI data layer, which comprises the more important data, and (ii) the LI data layer, which comprises the less important data. In contrast to the LI data layer, a higher level of protection against propagation errors will be emphasised in the HI data layer during the data transmission because these errors have a significant effect on the quality of the data. Then, each layer is encoded and modulated separately by utilising AMC, which is subject to the CSI. Therefore, the CSIbased AMC is used here to encode and modulate each data layer individually. In the encoding stage, these two layers are encoded with an adaptive forward error correction (FEC) code to produce the HI and LI code words, HI v and LI v . In the modulation stage, these code words are modulated with the adaptive modulation (AM) order, and the level of UEP for each priority layer is used to protect the layer from error transmission.
The various UEP levels are equipped with the HI v and LI v code words by assigning various power ratios, HI  and LI  , of the overall transmitted power, P. Thus, the various modulated power ratios are assigned to the various priority layers, where modulation of a higherpriority data layer with power ratio is higher than data layer of a lower-priority. In addition, the power ratio of each layer is provided in accordance with its priority, i.e., 
where HI P and LI P are the power utilised in the HI and LI modulators, respectively. This criterion results in transmitting the data of the highest-priority layer with the highest reliability and those of the lowest-priority layer with the lowest reliability. To construct the transmission signal, the adaptive modulated signals of two layers are then superimposed, which can be illustrated as follows:
Therefore, to avoid losing generality and to achieve transmission of high spectral efficiency, the scheme proposed in the current study is operated by using two system modes, namely, mode-G and mode-B, which will be introduced based on the output of the CSI feedback signal (CFS). The MCS will be chosen according to the wireless channel quality or received SNR. Thus, depending on the CFS, the proposed system switches the modulation order and coding rate to match with the immediate channel quality. Therefore, at the receiver, the SNR is estimated and sent back to the transmitter through the feedback channel using the CSI signal. Thus, mode-G and mode-B are selected by the CFS when the CSI signal displays the SNR of the received signal placed between the designed SNR thresholds of SNR 1 and SNR 2 , where
. The range of the received SNR is split into several regions using a set of threshold values. The values of the SNR thresholds are selected depending on the BER target of the application, which is a real-time video application in this case. Therefore, depending on the SNR range that assesses the current SNR, the MCS of the proposed system is switched to preserve the BER of the system such that it remains below the target BER.
Therefore, mode-G is selected when
where it represents a default mode. Alternatively, mode-G is selected when a good CSI feedback signal is received, i.e., high-quality channel. During the initial transmission, the system is assumed to be in mode-G operation. Thus, the MCS is chosen with a higher modulation and coding rate. Reliable decoding of both the HI and LI bit streams is achieved when the operation of the system is in mode-G. However, mode-B is selected when 1 
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; therefore, it is selected to indicate a low-quality channel or lack of a CSI feedback signal. Thus, the MCS is chosen for this system with lower-order modulation techniques, which are highly robust against error without reducing the data rate for the HI layer. Reliable decoding of the HI bit stream only is achieved when the system is operated in mode-B. Then, these two data layers with two various levels of protection are superimposed, and the signal, V, is sent to the receiver with two transmitting antennas over two independent flat Rayleigh fading sub channels by spatially multiplexed MIMO (SM-MIMO) systems. Such systems are able to transmit data at a higher speed than MIMO systems by using antenna diversity techniques. Thus, spatial de multiplexing or signal detection at the receiver side is considered a challenging task for SM-MIMO systems, particularly when the spatial correlation between the receiving or transmitting antenna is very high (a correlation coefficient near unity), which means that signal detection and equalisation at the receiver are impossible. Because each of the independent channels or paths is linked with the corresponding receiving antenna, the received signal at the m-th antenna, m y , is given by
where m x V represents the spatially multiplexed user data signal that is transmitted from the m-th transmitting antenna, is the m-th column vector of the channel matrix H, and n refers to the additive white Gaussian noise (AWGN) with zero mean and a variance of at the m-th receiving antenna. At the receiver side, the received signals, m y , are then used by the linear detectors, which are capable of retrieving the transmitted vector through MIMO systems. Various techniques can be used to separate the different symbol streams from one another.
These techniques involve the ZF and MMSE as linear receivers, which perform the function of detecting the received signals from multiple antennas and are used to construct the d r signal, which is then sent to a multistage demodulator to separate the code word of each m-th layer, ) (m x , from those of the other layers. Moreover, MSD receiver with the OSIC technique is used to reconstruct the two layers of data from the superimposed received signal. This technique is used to enhance the performance without significantly increasing the complexity and separating the layers at the receiver side. It is defined as a bank of linear receivers, each of which functions as a detector of one of the parallel data streams. Thus, the detected signal components are successively cancelled from the received signal at each stage. More specifically, the detected signal from the received signal in each stage is subtracted to use the remaining signal with the reduced interference in the subsequent detection stage.
However, " Fig. 2 ," shows the OSIC signal detection process for two spatial streams. Because the system is composed of two layers, the OSIC demodulator involves two stages. It performs the demodulation of each individual data layer according to its priority. Thus, through OSIC, it is possible to use either the ZF or MMSE method to estimate the symbols. In other words, demodulating the signal in the first stage of the OSIC demodulator is performed as follows. Because there are two data layers (HI and LI) in the proposed system, the OSIC demodulator consists of two stages, and it demodulates each data layer separately depending on its priority. Thus, in the first stage of the OSIC demodulator, (the highest-priority layer) will be recovered first by using the first row vector of the ZF weight matrix or with the first row vector of the MMSE weight matrix criterion on the signal. x signal, the OSIC demodulator subtracts this signal from the received signal, d r , to form the remainder of the signal in the first stage, that is,
This result will be utilised in the second stage to retrieve the second-priority layer of the signal. This process is repeated successively to retrieve the data layer with the lowest priority. Thus, ) 1 (
x and ) 2 (
x can be derived as follows:
Therefore, the general formula to retrieve the modulated signal for the m-th layer is given by: , as Gaussian interference. The separated data layers are then decoded and combined with a data layer combiner (shown in Figure 1 ) to reconstruct the original data signal. In addition, perfect channel knowledge on the transmitter side is assumed. The channel model used in this simulation is based on an independent, identically distributed (i.i.d.) frequency-flat Rayleigh fading MIMO channel with AWGN. To avoid any loss of generality, we employed simple block codes in our AMC. Therefore, the FEC code using cyclic codes with encode rate (7, 4) were considered for simulation purposes. The total average power is assumed to be one throughout this simulation.
For a high-spectral-efficiency transmission, the signal, V, is sent via two transmitting antennas. Each of these independent channels or paths is associated with a corresponding receiving antenna. The receiving signals of independent paths, y, will be used by linear detectors that are able to retrieve the transmitted vector through the MIMO systems to construct the d r signal. At this stage, two linear receiver techniques, ZF and MMSE, are considered to detect the received signals from multiple antennas. The d r signal is then sent to a multistage demodulator to separate the two layers using the OSIC technique. Therefore, the OSIC technique with a multistage decoder receiver is employed to reconstruct the two-layer data from the superimposed received signal. However, the simulation results validated this theoretical derivation through performing an extensive computer simulations using Matlab R2012 to prove the performance of the proposed system.
III. PERFORMANCE EVALUATION OF THE PROPOSED SYSTEM
In this section, the execution of the proposed system is analysed by considering the bit stream from the data source that will be divided into two various data streams based on their priorities. Thus, the data source is split into HI and LI bit streams. The encoding and modulation of both streams are performed with different MCS levels to obtain a better match with the instantaneous channel quality to achieve a BER below the target level (BER target ). By adjusting the power ratio allocations of the data layers, the performance of the overall data can be achieved in a flexible manner. For protection against transmission errors, the proposed system identifies a UEP level for each priority layer in the modulation stage. Therefore, the various UEP levels are submitted by assigning various modulated power ratios for the various priority layers. Thus, the higher-priority data layer is modulated with a higher power ratio and transmitted with higher reliability and vice versa. As a result of this process, the adaptive modulated signals are superimposed to produce the signal that is transmitted in a flat Rayleigh fading MIMO channel. Therefore, it is important to select these power ratios carefully on the transmitter side to satisfy the system design requirements. " Fig. 3 ," shows the comparison of the SNR requirement for a target BER of (10 -3 ) as a function of the power ratio. When the power ratio increases, a lower SNR is required to achieve a BER of (10 -3 ) until the power ratio reaches a value of (0.8). However, power ratios larger than (0.8) require a greater SNR, although not as large as for a power ratio of (0.55) because when the power ratio increases, the effect of the spatial correlation and the loss of spatial diversity can be reduced. We can adjust the power ratio allocations on the transmitter side of the HI, LI, and overall data layers to achieve the trade-offs among these data layers in a flexible manner. Therefore, " Fig. 3," shows that the best value for the HI power ratio to satisfy the system design requirements is (0.8). Furthermore, if the difference between the HI and LI ratios is increased, the proposed scheme will perform better. Thus, the proposed system will perform better at a high UEP level, where the gain for the HI stream is increasing, and vice versa. Thus, during the course of the simulations, two power ratio pairs were employed to modulate the HI and LI bit streams, (0.65, 0.35) and (1, 0) and were then compared with the best power ratio (0.8, 0.2). As a result, the system is expected to bein mode-G at the initial stage of the system operation or when the feedback signal of the CSI from the receiver displays a high-quality channel. Therefore, mode-G utilises the (0.8, 0.2) and (0.65, 0.35) pairs of the power ratios, whereas mode-B sends only the HI bit stream and thus uses the power ratio pair (1, 0). However, to achieve UEP levels in mode-G, the overall transmitted power, P, is divided unequally between the HI and LI bit streams in the modulation stage, where the power ratios that are assigned to the HI and LI bit streams become (0.65,0.35) for the first state and (0.8,0.2) for the second state. Based on these results, it is clear that the HI, LI, and overall data layers display almost similar performance at the UEP scenario of (0.65, 0.35). However, when the power ratio is (0.8, 0.2), the performance of the curve of the HI data layer is better than that of the LI data layer with a (2.4) dB gain in SNR, which implies that the performance of the HI data layer is proportional to its transmitted power ratio. Because of this processing is exclusive to the overall data layer, the overall data system transmission from mode-B outperforms that of mode-G with SNR gains of (8.2) dB at a BER target of (10 -3 ). In addition, the overall data transmission from mode-B outperforms the equal power allocation conventional quadrature phase shift keying (QPSK), 16-quadrature amplitude modulation (16-QAM), and 64-QAM schemes with SNR gains of (20.17, 23.17 and 26.67) dB, respectively. Moreover, as indicated in this figure, 1 2 > SNR SNR and therefore the SNR 1 and SNR 2 threshold values can be determined to be (4 and 12.4) dB, respectively, at a BER target.
For comparison with the SISO system, " Fig. 5 ," explains that if the channel is of high quality, the system switches to mode-G of operation. In mode-G, the FEC of the cyclic (15, 11) code is used to encode and decode both the HI and LI bit streams. As displayed in this figure, the performance of the SPC for the HI and LI bit streams with the UEP technique is conducted for two different scenarios of the UEP or power ratio pair, such as; (0.65, 0.35) and (0.8, 0.2), where it is important to assign the different power ratios of P to the HI and LI bit streams. Thus, when determining the rate of the system performance using mode-G operation, it is estimated to be 18.7 dB less overall when the power ratio (0.8, 0.2) is used compared to the power ratio (0.65, 0.35), which is (20.8) dB when the channel is of high quality at a (BER = 10 -3 ). However, when there is no feedback signal detected or in the case of a low-quality channel, the system switches to mode-B operation. Therefore, the system proposed in this work will be exclusive to transmitting and decoding the HI bit stream. Consequently, it is expected that no effect is exerted by the LI bit stream on the performance of the received data, whereas there will be constant reception for the HI bit stream. Thus, in mode-B, the HI data layer and the overall data will be sent and a UEP power fraction pair is assigned as (1, 0). The results presented in " Fig. 5," show that the similarity between the BER performance of the HI data layer and that of the overall data system in mode-B. Therefore, as evidenced by these BER curves for the two modes of operation, it is clear that the aim of the work was achieved by transmitting the source data using an adaptive rate and UEP. However, the overall data system transmission from mode-B outperforms that of mode-G with an SNR gain of (7.5) dB at a BER of (10 -3 ). In addition, the overall data system transmission from mode-B outperforms the QPSK, 16-QAM, and 64-QAM conventional schemes, with SNR gains of (13.5, 16.5 and 20) dB, respectively. Moreover, as indicated in this figure, the SNR 1 and SNR 2 threshold values can be determined to be (10.5 and 18), respectively, at the BER target . From this figure, we see that the two combining approaches with SPC outperformed the approach that did not employ SPC. In addition, the MMSE-SPC outperforms the ZF-SPC by a (3) dB gain at a BER target. " Fig. 6 ," demonstrates the performance enhancement for the three different systems, SISO, SIMO, and MIMO, which used the same UEP scheme. The performances of these schemes are compared with a single-layer scheme without UEP. The comparison shows that there is an enhancement for the UEP-MIMO scheme, which always outperforms the other schemes. Therefore, the gap among the three UEP schemes becomes more dramatic when the number of receiving antennas is increased from one to two. For example, compared to the single-layer scheme without UEP, the enhancement for the UEP-MIMO scheme is approximately (9.4) dB, while it is (8.4) dB for the UEP-SIMO scheme and (6) dB for the UEP-SISO scheme. Thus, with two receiving antennas, the proposed scheme achieves a large performance enhancement compared to the other schemes which demonstrates the ability of UEP to enhance performance compared with the single layer without a UEP scheme that has the lowest performance level. 
IV. EVALUATION OF THE PROPOSED SYSTEM WITH THE OSIC
In this section, we evaluate and compare the BER performance of the proposed system over (2x2) MIMO fading channels with different receiver combining equalisers; such as; ZF-OSIC and MMSE-OSIC equalisers. Because there are two data layers (HI and LI) in the system, the OSIC multiuser demodulates each data layer individually according to its priority to retrieve the signals of these two layers. " Fig. 7 ," displays the BER performance of the proposed scheme with the various combining approaches, such as; ZF and MMSE, as well as compared the results without used SPC over a MIMO channel. However, the two combining approaches without SPC used on the receiver side is considered as the references for comparison. From this figure, we see that the two combining approaches with SPC outperformed the approach that did not employ SPC. In addition, the MMSE-SPC outperforms the ZF-SPC by a (3) dB gain at a BER target. " Fig. 8," illustrates the BER performance of the proposed scheme along with the ZF-OSIC equaliser. The performance of the HI layer is better than that of the LI layer for the (2×2) SM-MIMO system. According to these results, the HI, LI, and overall data layers clearly perform better in the UEP scenario of (0.8, 0.2) than the other scenario, such as; (0.65, 0.35). Specifically, when the power ratio is (0.8, 0.2), the performance of the HI layer exceeds that the LI layer with a (13.62) dB SNR at a BER of (0.1). Thus, the execution of the HI data layer is proportional to its transmitted power ratio. In addition, based on the overall data system transmission, mode-B outperforms mode-G. The BER performance of the proposed scheme with the MMSE-OSIC equaliser approach was evaluated, and the results are shown in " Fig. 9 ". The HI, LI, and overall data layers outperform the UEP scenario of (0.8, 0.2) in terms of BER. The HI layer outperforms the LI layer by (11) dB at a BER of 10 -1 . In addition, the BER performance of mode-B is better than that of mode-G. Thus, given the results in Figures 8 and 9 , at a low SNR value, the system selects the UEP scenario of (0.8, 0.2), and as the SNR increases, the error rates are continuously reduced, indicating that it is optimal to switch over to the UEP scenario of (0.65, 0.25). Consequently, it can conclude that the proposed scheme performs better when the difference between the HI and LI ratios increases because of our proposed scheme performs better at a high UEP level, where the gain for the HI stream increases at a high UEP level and decreases at a low UEP level. Finally, it is observed that the MMSE-OSIC equaliser provides a more significant improvement in BER execution for all layers compared to the improvement achieved when the ZF-OSIC equaliser is used.
A summary of the execution comparison of the proposed system with ZF-OSIC and MMSE-OSIC equalisers is provided in Table I V. CONCLUDING REMARKS This paper proposed an UEP-AMC-SPC-MIMO system for data transmission for next-generation wireless communication systems. This scheme is capable of providing UEP levels against error transmission for diverse valuable data layers according to their importance in terms of impact on the quality of reception over MIMO systems. The aim of the proposed system was to obtain the most appropriate MCS with the quality of the instantaneous channel such that the transmission reliability could be maximised. The study also aimed to provide more guaranteed reception of the higher priority data layer with even low-quality channels. To satisfy these aims and to maintain the QoS at acceptable levels, the proposed scheme is presented in two operating modes: mode-G and mode-B. Through these modes, a flexible adaptation of both the data rate and BER performance as a function of channel quality was presented. The proposed scheme achieved higher BER performance enhancement compared to the UEP-SISO and UEP-SIMO schemes and the single-layer scheme without using UEP. The simulation results obtained in this study revealed that the proposed scheme achieved significant gains for higher-priority data over the lower-priority data compared to the conventional equal power allocation schemes. Furthermore, based on the obtained results, it is evident that the execution of the HI data layer is proportional to its transmitted power ratio. However, according to these results, the proposed scheme achieves two performance enhancements compared to the traditional techniques. The first improvement is maintaining the HI stream with a high level of protection against transmission errors that may occur during the transmission process, even in the case when a low-quality channel is presented. In contrast to conventional techniques, the results show that there is a continuation in the transmission when utilising the adaptive transmission rate even if the channel is of low quality or there is no feedback signal. This is achieved by switching to mode-B rather than having no transmission with small deviations in BER performance. The second improvement, it is proven that the proposed system resulted in a higher data rate with an acceptable BER for both the HI and LI bit streams for high-quality channels. In addition, there is no transmission in the traditional schemes for low-quality channels. In addition, MSD receiver accompanied by the OSIC technique is employed using two linear RSC techniques, namely, ZF and MMSE, thus, it is shown that the RSC approaches with SPC outperformed the scheme without SPC.
